Malaria is particularly dangerous in those exposed to it for the first time. The four fatal cases reported in this paper were in adult English travellers returning from Africa in the last 13 years. Three had not taken antimalarial prophylactics. A delay in diagnosis and treatment is more likely in this country than in territories where malaria is endemic (Sheehy, 1975) and increases the likelihood of a fatal outcome. In the brain of the victims of falciparum malaria there is destruction of white matter around small veins as a result of blockage of the capillaries in the cerebral grey matter by red blood corpuscles containing the parasite (Spitz, 1946; Greenfield, 1958; Scheidegger, 1958; McMenemey, 1966; Winslow et al., 1971; Escobar and Nieto, 1972) . The cerebral lesions resemble those found in fat embolism, which when it affects the brain is also often fatal (Spitz, 1946; 
Malignant tertian cerebral malaria due to Plasmodium falciparum is not rare in the United Kingdom. Between 1968 and 1977 there were 56 deaths reported due to malaria; a further eight deaths occurred in the first nine months of 1978, when a total of 1533 cases of malaria, 201 of them due to P. falciparum, were imported into this country. These figures reflect the mean fatality of 4% in the past decade (British Medical Journal, 1972; Bruce-Chwatt, 1978) , and most if not all deaths due to malaria are in cases of P. falciparum infection. Emphasis on the clinical and pathological involvement of different systems of the body in malaria is reflected in various classifications. Our cases fall into the cerebral malaria group. Malaria is particularly dangerous in those exposed to it for the first time. The four fatal cases reported in this paper were in adult English travellers returning from Africa in the last 13 years. Three had not taken antimalarial prophylactics. A delay in diagnosis and treatment is more likely in this country than in territories where malaria is endemic (Sheehy, 1975) and increases the likelihood of a fatal outcome. In the brain of the victims of falciparum malaria there is destruction of white matter around small veins as a result of blockage of the capillaries in the cerebral grey matter by red blood corpuscles containing the parasite (Spitz, 1946; Greenfield, 1958; Scheidegger, 1958; McMenemey, 1966; Winslow et al., 1971; Escobar and Nieto, 1972) . The cerebral lesions resemble those found in fat embolism, which when it affects the brain is also often fatal (Spitz, 1946; Zulch and Tzonos, 1964; Watson, 1970; Zulch, 1971 
Material and methods
The brains were fixed in formol saline. Frozen sections of cerebral hemispheres and cerebellum were stained with Sudan III and IV for neutral lipid and impregnated with silver for microglia. Representative blocks of cerebral hemispheres, brain stem, and cerebellum were embedded in paraffin wax, and sections were stained with standard histological techniques. Sections of the brain from cases of fat embolism were treated in the same way.
MICROSCOPIC FINDINGS
The changes in cases 2, 3, and 4, who survived for six, eight (or possibly 13 days or longer), and two days and in whom malaria parasites were found in the peripheral blood within hours of death, were similar. There were masses of pale, somewhat swollen, red corpuscles containing malaria parasites and pigment in the capillaries in the grey matter, especially in the cerebral and cerebellar cortex and in the dentate nucleus of the cerebellum (Fig. 1) cells containing neutral lipid and iron pigment. These were well shown in frozen sections impregnated with silver (Fig. 2) . Rings of ghostly or well-preserved red blood corpuscles around a pale necrotic zone including microglia and a central vein were often found. These lesions appeared as pale patches in the sections stained for myelin because of displacement and destruction of nerve fibres and oedema. In the cerebellum there were swollen nerve fibres in some such lesions. Microglial clusters were also seen in the dentate nucleus of the cerebellum, the inferior olivary nuclei, and the anterior grey horns of the spinal cord. Large pale infarcts were found in the dorsomedial part of the globus pallidus and in the posteromedial part of the cerebellar hemispheres. Pseudomonas pyocyanea was grown in blood culture of this patient on the day before death, and Gram-negative bacilli were found in some larger blood vessels deep in the cerebral hemispheres.
An unusual finding was patchy infarction of the anterior lobe of the pituitary in case 3, the only case in which the pituitary was examined. Malaria parasites were present in the small blood vessels in the pituitary.
Discussion
Our four cases illustrate the known effects of malignant tertian malaria on the brain. The parasitised red blood corpuscles in the cerebral capillaries, even though there is no evidence of organising thrombi, appear to interfere with the cerebral circulation in a way similar to that found in fat embolism (Spitz, 1946; Watson, 1970) . In that condition, fat globules of a diameter similar to that of swollen red blood corpuscles (Zulch and Tzonos, 1964; Zulch, 1971) accumulate in the cortical capillaries. Although ischaemic changes occur in the nerve cells of the cerebral grey matter in both conditions, the more obvious lesions are found around the veins in the white matter. The haemorrhages, microglial nodules often referred to as Diirck's nodules, and areas of necrosis and oedema in the white matter in cerebral malaria closely resemble the white matter lesions in fat embolism. In our material, specific impregnation showed that most cells in the nodules are microglial. These cells were present in all our cases. They could well be missed or wrongly identified in sections of paraffin-embedded material stained with routine techniques. The involvement of the white matter is probably due to an increase in permeability and necrosis of the vessel wall after a slowing down or arrest of the blood flow, but the mechanism of production of the lesions is not fully understood. Edington (1954) lists mechanical blockage, sludging, anoxaemia, and toxins as the factors involved. Spitz (1946) also refers to stagnation of blood in the capillaries, thromboses, and anoxia from other causes, for example, fat embolism and spotted fever; she illustrates a similar picture ofextreme engorgement ofcerebral capillaries following anoxia due to flying at high altitudes. We have found changes similar to those in malaria and in fat embolism in acute herpes simplex encephalitis in the white matter underlying necrotic oedematous cortex (unpublished) . The lesions in the basal ganglia in case 1 may not be due directly to malaria: they resemble the lesions encountered when blood pressure is low or when the oxygen content of the blood is lowered.
Although two of the brains (cases 3 and 4) appeared swollen on macroscopic examination, there was no microscopic evidence of generalised oedema of any severity in them. The infarction of the anterior lobe of the pituitary in case 3 was patchy, probably related to the presence of malaria parasites in the blood vessels. The infarction was less extensive than the pituitary necrosis found with severe cerebral oedema and often in patients who have been kept on a respirator when the intracranial blood supply to the pituitary is interrupted (Daniel et al., 1973) . The pituitary does not appear to have been examined routinely or often in malaria. If pituitary infarction in cerebral malaria were common it would be another factor contributing to the fatal outcome. Three of our four patients had not taken any antimalarial prophylactics. In all four, the disease became apparent soon after return to England but the correct diagnosis was delayed. In case 3, milder symptoms of 'cold' had started earlier in Africa. The presentation of four fatal cases of cerebral malaria in England is intended to draw attention to the need for a ready recognition of malaria since early diagnosis and appropriate treatment can be successful.
